I. INTRODUCTION
The present design of the Spectrometer Dipole is based on a previous study performed for another experiment [l] . In that study, different approaches were investigated including the use of room temperature coils, H-magnet and cosine coils. It was found that the most compact solution, a bedstead (window-frame) configuration with a superconducting coil gave good homogeneity at lowest overall cost. Parameters of the present Spectrometer Dipole, are given in Table I . For the particles originating in a target 3.99 m in front of the yoke, the angular acceptance of 250 mrad vertically, and 300 m a d horizontally determines the size of the magnet aperture, see Fig. 1 .
The most important consideration to design the coil has been the effort to limit the risks caused by the high current of 20 kA and of the forces reaching 1.7 MN. Therefore it was absolutely vital to apply only proven basic concepts: an Al-alloy jacketed CIC-conductor (Cable in Conduit), an epoxy impregnated rigid winding, cooled by supercritical, forced-flow Helium.
THE MAGNET YOKE
The steel yoke is of very simple form and its design is based on the assumption that, due to the large dimensions involved, it will be sufficient to flame-cut the steel (e.g. Creusot-Loire, France) to the correct form with sufficient accuracy (I 4 mm) so that no expensive machining will be required. Smooth or accurate surfaces required for instance to fix the coil casing, must be attached separately. The yoke consists of two C-shaped halves assembled from 16 tackwelded, flame-cut, non-machined, 12 cm thick magnetic Manuscript received September 15, 1998. "I" steel plates. Its weight is 1200 t. Number and thickness of the steel plates are given by the ingot weight of 50 t. The vertical surfaces where the two C-shaped halves meet are not critical since no magnetic flux crosses these junction. It has not been further studied how the magnetic forces acting between the two halves can be balanced. In order to reduce the stray field at the upstream FUCH I, a 300 mm thick field clamp has been introduced. This shielding plate is attached to the yoke using 400 mm thick steel plates. The opening in the shielding plate should be as small as possible. The chosen hole is square 1.6 x 1.6 m2, with the inside edge slanted to match the angular acceptance in both directions. are given in Table 11 . The cable consists of 108 twisted wires, and it is built up from 4 first stage ( 3 x 3~3~4 ) cables. The twist pitch must be chosen such that the AC-losses, created by charging and discharging the coil, are negligibly Al-casing must be attached to the mandrel. To cool the coil efficiently the winding is subdivided. The cooling channels should not be much longer than 150 m. The total length of SC-conductor is ca. 1900 m.
Only the magnetic forces acting on the winding have been calculated, and the largest values-0.68 -1.63 MN -are found in the middle of the Spectrometer-Magnet. The mag- has been extensively tested [3] . The void fraction, where the supercritical Helium circulates, is about 38 % of the cable cross section of 73.76 mm'. The extrapolated characteristics [4] of the conductor are summarized in TableIII. The conductor is finally wrapped with 0.05 mm thick epoxy impregnated fiber glass ribbon, in such a manner that 2/3 of it overlaps.
IV. THE COIL
This CIC-conductor, described above, is capable of operating continuously at 20'000 A. utilizing this CICconductor for a pair of coils, each with 100 turns, produces the required field integral of 4 Txm. The proposed window- frame coils, are shown in Fig. 3 . The Al-alloy jacket has the advantage that the conductor may easily be wound in a complex configuration, because the jacket is in the "soft" temper, as a quenched alloy. The design strength of the coil can be achieved, by properly "aging" the winding, e.g. by heating it to the temperature range of 130" to 18O"C, determined by the composition of the Al-alloy jacket. The cross section of the coil is shown in Fig. 2 . One half of the Al-casing can be used as mandrel to wind the coil. After performing the "aging" process, the other half of the netic forces and stresses in the coil must bereinvestigated. To carry the weight of the coil and to balance the magnetic forces the coil is attached to the specially reinforced SS vacuum chamber, which on the other hand is fastened to the 
v. COOLING SYSTEM
To cool down and to keep the coil cool a Helium (He) refrigerator of less than 1 MW cooling power is needed. If the cooldown of the coil assembly is too slow additional cooling power must be supplied from another refrigerator. The cooling system consists of two independent He-circuits, both directly connected to the refrigerator by a transferline, see Fig. 5 and Table IV . The shield will be cooled with pressurized 60 K Helium. In the coil, supercritical Helium at 4.5 K should circulate. The flow of the coolant is provided for both cooling circuits b y the pressure generated in the , Vaeuumchamber ' compressor. During cooldown (300 > T > 20 K) the pressure drop in the coil must be reduced. To achieve this, its cooling channel is subdivided into four sections. Each section has its own inlet and outlet to the He-flow lines of the coil, as shown in Fig. 5 . Utilizing the odoff valves V1, V2 and V3 these sections are connected in parallel for cooldown, and in series to liquefy into the cryostat or to energize the coil. SC-cables, installed in He-cooled pipes, connect the current leads to the coil at a suitable location inside the yoke. The He-gas, created during a quench is drawn off either into the high pressure (HF') buffer or into a balloon. The transferline, both current leads, and the exhaust line are connected to the He-cryostat. All these components are placed in a separate vacuum chamber, attached to the magnet at a convenient location.
VI. QUENCH CHARACTERISTICS
The innermost windings are exposed to the highest magnetic field, about 3.2 T on the surface of the coil, and therefore they are most vulnerable to a quench. To get some information on the quench behavior of the coil the hot spot temperature in the conductor were calculated by applying Table V . In the worst case scenario, no Helium is in the conductor, and for a switching time of only 0.5 s, the temperature rises very high. By a normal discharge the hot spot temperature is acceptable, although the dump switch opened after a longer time.
VII. CONCLUSIONS
A feasible concept is presented, which must be followed up by an engineering design of the magnet, because several technical questions need further verification:
To confirm the 3-D calculations it is recommended to build and measure the field in a scaled down model.
Calculate magnetic field and stresses in the coil. Produce samples and short cables to verify the Calculate cooldown times and check the requirements mechanical and electrical properties of the CIC-conductor.
posed on the refrigerator.
